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ABSTRACT 
Contingency analysis consists of a full load flow analysis to determine 
the performance of a power system after experiencing an outage in the network. 
Even with fast load flow techniques, full analysis of every possible con-
tingency of a system is a time-consuming and costly process. Therefore, it is 
desirable to develop a fast method of determining which contingencies in a 
system will give undesirable conditions. Each critical contingency in this 
list can then be studied by a full load flow analysis instead of studying 
every possible contingency. 
Automatic contingency selection methods attempt to rank all contingencies 
of a power system in decreasing order of severity, from the most severe to the 
least severe, using fast approximate calculations. The top portion of this 
list will be a set of all the critical contingencies in the power system which 
should be studied in detail. This research project develops an automatic con-
tingen~y selection algorithm which performs a fast linear analysis of a small 
portion of the network around each contingency, called the tier system. The 
relative severity of each contingency is determined using a performance index 
function, and a list of all contingencies is made in decreasing order of 
severity. 
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1. INTRODUCTION 
1.1. Motivation 
Contingency analysis is used in planning studies to determine whether a 
proposed transmission network performs satisfactorily. Contingency analysis 
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is performed by a full ac load flow for every possible contingency, both 
generator and transmission line outages, to determine the performance of the 
power system. As power systems have grown in size and complexity, full analysis 
of every possible contingency has become a tedious and costly process. Even 
with fast load flow techniques, such as a fast decoupled load flow [1], and 
linearized ac load flow [2], contingency analysis is still burdensome. 
Therefore, a method of determining a smaller set of critical contingencies to be 
studied is desirable. A critical contingency is an outage which causes a bus 
voltage violation or a transmission line overload in the system. Such a list of 
contingencies may be selected by a planner based on experience and knowledge of 
a system, but the possibility exists of overlooking some critical contingency. 
Rather than depend on a preselected list of critical contingencies, an auto-
matic method can be developed to create a list of critical contingencies for a 
system. 
An automatic contingency selection method ranks the contingencies of a 
system in order from most severe to least severe based on bus voltage and 
transmission line power flow requirements. Full analysis would then be per-
formed on each contingency beginning at the top of the list and proceeding 
down the list until a contingency is reached in which there are no voltage or 
line power flow violations. There is no need to continue down the list since 
the remaining contingencies will be less severe than the contingencies at the 
top of the list. This method would significantly reduce the number of outages 
to be studied by full load flow analysis. 
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1.2. Literature Summary 
Developing an automatic contingency selection algorithm has been a recent 
effort of only the last five years. In January, 1979, G. C. Ejebe and B. F. 
Wollenberg published a paper [3] introducing a method of ranking transmission 
line and generator outages based on the normalized sensitivities of a system-
wide performance index function with respect to the outages. The sen-
sitivities used are a first-order small change approximation of the performance 
index function using Tellegen's theorem [4]. This method of ranking contingen-
cies is computationally fast; however, improper ordering occurs whenever the 
small change approximation of the performance index function does not accurately 
predict the actual value. Due to the misrankings, it is not possible to readily 
identify which contingencies would be required to ensure full analysis of all 
critical contingencies. 
Two papers [5], [6], by G. Irisarri, D. Levner, and A.M. Sasson, pointed 
out the nonlinear characteristic of the performance index function with 
respect to the susceptance of a line as the cause for the unreliable con-
tingency ranking by· the first-order small change sensitivity method. They also 
tried second-order sensitivities and also found this method to be unreliable. 
Therefore, they proposed that a large change linear load flow (de load flow) 
gives reliable ranking of line contingencies and is a better automatic con-
tingency method even though it is computationally more demanding. 
A paper [7] by J. Zaborszky, K-W. Whang, and K. Prasad discusses a fast 
method for evaluating contingencies using the concept of concentric relax-
ation. This method uses the characteristic of a power system that its 
topography is two dimensional and sparsely connected. Transmission lines from 
a bus generally run to its nearest neighboring buses. This generates a diago-
nally dominant system in which the effects of a contingency will be greater at 
buses electrically near the outage than at buses electrically distant from the 
outage. This is similar to dropping a pebble in a quiet pond; the waves have 
a large amplitude at the point where the pebble enters the water and gradually 
attenuate as they travel outward from that point. 
From this diagonally dominant characteristic of a power system, the 
authors introduce the concept of forming tiers around a contingency. The 
tiers are groups of buses formed by finding all the buses which are directly 
connected to the contingency to make the first tier; the second tier includes 
all the buses which are directly connected to the first tier buses, and so on. 
The authors develop an iterative scheme for computing post-contingency bus 
voltage magnitude and angles by calculating each complex bus voltage of one 
tier while holding bus voltages of the other tiers constant at their precon-
tingency or latest calculated value. The computation is performed beginning 
with the first tier and sequentially moving out to however many tiers are to 
be considered and then repeating the process beginning at the first tier again 
until the voltages converge to a solution. 
The automatic contingency selection method developed in this thesis uses 
the tier system surrounding a contingency and applies de load flow analysis to 
the tier system alone. The contingencies are ranked using the performance 
index function with the results from the tier system solution. 
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2. AUTOMATIC CONTINGENCY SELECTION ALGORITHM 
2.1. Overview of DC Load Flow Analysis 
The standard steady-state load flow equations for an N bus power system 
are: 
where 
P • net real power injection at bus i 
i 
Q • net reactive power injection at bus i 
i 
V • bus voltage magnitude 
~ • bus voltage angle 
th Gik + jBik • (i,k) element of the bus admittance matrix. 
(2.1.1) 
(2.1.2) 
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Basic load flow analysis involves solving Equations (2.1.1) and (2.1.2) for 
voltage magnitude and angle for a given Pi and Qi. For constant loads, con-
tingency analysis involves the solution of Equations (2.1.1) and (2.1.2) 
considering various line outages. Since Equations (2.1.1) and (2.1.2) are 
nonlinear, the exact solution requires an iterative technique; therefore, anal-
ysis of every contingency is a time-consuming process. However, when the 
voltage angle difference across every transmission line (~i- ~k) is small, the 
small angle approximation can be used; and when the susceptance Bik is much 
larger than the conductance Gik' the conductance term can be neglected. 
Equations (2.1.1) and (2.1.2) are then reduced to the following form: 
N 
p ~ I vi v k ( ~ i - ~k) Bik i k•l (2.1.3) 
N 
Q - I vivk Bik i k•l . (2.1.4) 
For bus voltage magnitudes near 1.0 per unit, the linear load flow 
equation for the net real ' power bus injections is: 
(2.1.5) 
or in matrix form: 
f. 
[P] • [B][~J (2.1.6) 
where 
[P] • vector of net real power bus injections 
[~] • vector of bus voltage angles 
' [B] • the negative of the network susceptance matrix excluding ground 
reference tie.s. 
The equation for real power flow across a transmission line from bus i to 
k is 
(2.1.7) 
where 
gik + jbik • transmission line admittance from bus i to k 
Again, when the voltage magnitudes are near 1.0 per unit, the voltage 
angle difference (~i- ~k) across each transmission line is small, and the 
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susceptance bik is much greater than the conductance gik, Equation (2.1.7) is 
reduced to a linear form: 
(2.1.8) 
Equations (2.1.6) and (2.1.8) are the equations used in a linear de load flow 
analysis. 
2.2. Performance Index Function 
Automatic contingency selection techniques attempt to rank contingencies 
of a system in order from the most severe to the least s·evere outage. The 
severity of a contingency is quantified by a performance index function 
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introduced by G. C. Ejebe and B. F. Wollenberg [3]. The performance index func-
tion penalizes a contingency for any violation of bus voltage constraints or 
transmission line constraints. The voltage constraint in a power system is that 
the bus voltages are generally required to remain within a range set by a high 
and low voltage limit. The transmission line constraint is a thermal limit of 
each line which determines the maximum .power flow allowed across each line. 
The voltage level performance index function used to quantify the severity 
of a contingency based on voltage limit violations is defined as: 
where 
NB W 
J - I .i V i•1 2n "lim ~.i 
2n 
IVil • voltage magnitude at bus i 
lv~PI • specified voltage magnitude at bus i (usually 1.0 pu) 
~Vlim • maximum voltage deviation limit 
(2.2.1) 
n = exponent variable (usually 1) 
NB = number of buses in the system 
Wi ~ real, nonnegative weighting factor for bus i. 
Any contingency that causes one or more bus voltage magnitudes to exceed their 
deviation limits will yield a large value of JV; whereas, when all the bus 
voltage magnitudes lie within their deviation limits, the value of JV will be 
small. 
The power flow performance index function based on transmission line 
megawatt constraints is defined as: 
where 
P
1 
=megawatt power flow across line 1 
P~ax ~ megawatt capacity of line 1 
NL • number of lines in the system 
n ~ exponent variable (usually 1) 
w ~ real, nonnegative weighting factor for line 1. 
1 
(2.2.2) 
Any transmission line overload caused by a contingency will cause a large 
value for the performance index function, while a contingency which results in 
no overloaded lines will have a small value for its performance index. 
The actual value for the performance index function would require an 
exact solution for a line or generator outage. Since just a list of the con-
tingencies is desired, the actual value is not needed; but rather, the 
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relative change of the performance index function with respect to an outage is 
needed. A fast approximate method for determining bus voltages and 
transmission line power flows can be used to calculate the relative change of 
the performance index function and then rank the contingencies in decreasing . 
order of severity. 
The power flow performance index function is used throughout this thesis; 
therefore, a fast calculation for determining the power flow across a 
transmission line is desired. Also, only transmission line outages are con-
sidered for contingency analysis. 
Using the linear Equation (2.1.8) for the power flow across a 
transmission line, the power flow performance index function can ·be expressed 
in the following form: 
JMW = r W .t r~J2n 
.t=l 2n K.t (2.2.3) 
where 
e • o - o = bus i to k voltage angle difference across transmission 
.t i k 
line .t 
G. c. Ejebe and B. F. Wollenberg [3] use the first derivative of 
Equation (2.2.3) to calculate the relative change of the performance index 
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function with respect to each outage. The contingencies are r~nked using these 
values. This method of ranking contingencies is computationally fast, but the 
nonlinear characteristic of the performance index function results in many 
misrankings and is not reliable. 
G. Irisarri, D. Levner, and A.M. Sasson [5], [6] suggest the use of a de 
linear load flow to estimate the line flows and rank the contingencies using 
Equation (2.2.2). This method is more accurate, but it is also com-
putationally more demanding. 
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The method described in this thesis uses the de linear load flow technique, 
but applies it to only a small tier system around each contingency. This method 
requires less computation than the de linear analysis of the entire system. It 
is also accurate since the greatest effects of the contingency lie within the 
tier system. 
2·. 3. Tier System Construction 
The tier system is a small section of a power system localized around a 
contingency. The tier system is formed by considering the buses connected to 
an outaged transmission line as the contingency buses. The first tier con-
tains .all the buses which are directly connected to the contingency buses; the 
second tier is the set of all buses directly connected to the first tier buses 
excluding the contingency and first tier buses. The third and higher tiers 
are formed in the same manner radiating outward from the location of the 
outage. 
The following example from the 39-bus New England system illustrates 
the construction of the tier system (see Figure 1). If the line from bus 14 to 
15 is removed, then buses 14 and 15 are the contingency buses. The first tier, 
shown by line A in Figure 1, consists of three buses (4,13,16). The second 
tier, line B, consists of eight buses (3,5,10,12,17,19,21,24); and the 
third tier, line C, consists of eleven buses (2,18,6,8,11,32,27,20,33,22,23). 
Higher tiers are formed in the same manner. 
The tier system method is based upon the fact that, when a contingency 
occurs, the effects of that outage are greatest along transmission lines which 
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Figure 1. Tier system arou~d outaged line 14-15. 
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are electrically near the outage, while the effects on lines electrically 
distant from the outage are small. A study was made on several contingencies 
from two different systems; results showed that the greatest changes of power 
flow along transmission lines occur on lines within a three tier system around 
the contingency. A fast analysis can be performed on the tier system and the 
results used to rank contingencies by means of the performance index function. 
2.4. DC Load Flow Analysis of the Tier System 
The linear load flow Equation (2.1.6) is used to -determine the post-
-contingency transmission line power flows of the tier system. The linear load 
flow equation for .the tier system is given below. 
[P] • [B][o] (2.4.1) 
where 
P • vector of tier bus powe~ injections 
0 - vector of tier bus voltage angles 
l B = the negative post-contingency tier network susceptance matrix. 
The tier network susceptance matrix [B) does not include the susceptance value 
for the outaged line. The linear load .flow Equation (2.4.1) is rearranged to 
calculate the post-contingency tier bus angles: 
(2.4.2) 
The tier bus power injections are assumed not to change after the 
contingency; therefore, the vector [P] will contain the base case bus power 
injections. Since the tier system is analyzed separately from the rest of the 
power system network, the tie lines connecting the tier system with the external 
system must be added to the tier system model. The changes in the power flows 
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across the tie lines are assumed to be small since they are electrically 
further from the contingency than the tier system itself. The buses 
which have tie lines connected to them are modified by adding the base case 
tie line power flow injected into that bus to the base case bus injected power 
in vector [P]. 
[B'] The tier network susceptance matrix must not be singular in order to 
solve Equation (2.4.2). Since one angle may be taken as zero for reference, an 
arbitrary small susceptance may be added to one of the diagonal elements of the 
' [B] matrix; therefore, the susceptance matrix is nonsingular and Equation 
(2.4.2) has a solution. 
It is possible that the tier system will be det~ched by the removal of 
the contingency. This creates two separate networks within the tier system. 
The susceptance matrix will then be decoupled with two independent parts 
B1 and B2 as shown in Equation (2.4.3) 
(2.4.3) 
The sub-matrix B1 will contain elements from one part of the detached system 
and B2 will contain the elements from the other part. Since there are no con-
nections between the two parts of the network, they are decoupled and the 
lower-left and upper-right portions of the susceptance matrix contain all zero 
elements. To solve Equation (2.4.2) under this condition, both parts of the 
susceptance matrix B1 and B2 must be nonsingular. 
I 
: i 
I 
I 
I 
f 
I 
I 
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To prevent the tier system susceptance matrix or a part of it in the case 
of a detached network from being singular, small susceptances are added to the 
diagonal entries corresponding to each contingency bus. Using the modifications 
of the [P] and [i] matrices of the linear load flow Equation (2.4.2), the 
post-contingency tier bus angles can be calculated after the outage of any line. 
The post-contingency transmission line power flows are then calculated from 
Equation (2.4.4) 
where bik is the susceptance of the line connecting bus i and k. These linear 
solutions for the power flows across the transmission lines of the tier system 
are used to calculate the change in the performance index function within the 
tier system. 
2.5. Relative Change of the Performance Index Function 
The total change of the performance index function is the sum of the tier . 
system change and the external system change. The tier system change is 
calculated by subtracting the performance index value using the base case 
power flows in Equation (2.2.2) from the performance index value using the 
linear power flow solutions. The change in the performance index of the rest 
of the network external to the tier system is calculated by the fast small 
change sensitivity method developed by G. C. Ejebe and B. F. Wollenberg in 
Reference [3]. This method is used for the external system assuming that the 
performance index function for the part of the network electrically distant from 
the contingency is nearly linear with respect to the change in susceptance. 
Therefore, the small change sensitivity of the performance index function gives 
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acceptable results for the external system. The sum of the changes of the per-
formance index function for the tier system and the external system represents 
the total change of the performance index function for a particular contingency. 
The change in the performance index function for each single contingency 
in a system is calculated. Then the contingencies are ranked in order from 
most severe, greatest change in performance index, to least severe, smallest 
change in performance index. Full load flow analysis can be performed on the 
top contingency in the list and studied for any voltage or transmission line 
constraint violations. Full analysis is performed on each contingency moving 
down the list until a contingency is reached which does not give any viola-
tions. In theory, this would be the last contingency which would need to be 
studied; but since linear approximations for a nonli~ear system have been 
made, the contingency ranking might have some minor misorderings. Therefore, 
several contingencies beyond the first noncritical contingency in the list 
should be studied to ensure a study of all critical contingencies. 
To summarize the tier system method, the algorithm is described· with 
a flow chart in Figure 2. Initially, a base case solution for the network is 
needed and two vectors calculated for use in the small-change sensitivity 
analysis of the external system. Next, a transmission line is removed and the 
tier system is constructed around the outage. The tier system bus power 
injection matrix is formed using base case values and then modified by adding 
tie line power flows. The tier network susceptance matrix is formed so that the 
linear solution of the tier system can be calculated using Equations (2.4.2) and 
(2.4.4). The change in performance index due to the tier system is calculated 
and then the change due to the external system is calculated using the first-
order small change sensitivity method. The total change in the performance 
I 
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Figure 2. Tier system contingency ranking algorithm. 
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index function for this contingency is calculated, and then the next 
transmission line is removed and the process of calculating the change in the 
performance index is repeated. When all contingencies have been analyzed, the 
contingencies are ranked from the largest value of the change in the performance 
index function to the least. The computer program which performs this algorithm 
: 
r 
j 
is listed in the Appendix. , 
I 
i 
I 
: 
I 
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3. TEST SYSTEMS 
The tier system contingency ranking method was tested on two power 
systems, the New England 39-bus system and the IEEE 30-bus test system. The 
New England 39-bus system is shown in Figure 3; and the IEEE 30-bus system is 
shown in Figure 4. The tier method, the first-order sensitivity method [3], and 
the de linear load flow method [4] rankings are all compared to the actual con-
tingency ranking produced by a full Newton-Raphson load flow. Results of the 
automatic contingency ranking methods are compared with the actual ranking by a 
capture rate. The capture rate R(N) is the fraction of the worst N contingen-
cies which appear in the first N ranked contingencies. Also, the length L(N) of 
the ranked list which contains the worst N contingencies is given to illustrate 
the severity of misrankings. Table 1 shows the results for the New England 
39-bus system. 
TABLE 1 
RANKING PERFORMANCE. OF AUTOMATIC CONTINGENCY SELECTION ALGORITHMS FROM THE 
NEW ENGLAND 39-BUS SYSTEM 
Method N R(N) L(N) 
Tier 10 0.9 12 
20 1.0 20 
30 0.93 35 
Small Change 10 0.8 16 
Sensitivity 
20 0.9 22 
30 . 0.97 31 
DC Linear 10 0.90 11 
20 1.0 20 
30 0.93 32 
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Figure 3. ·New England 39-bus system. 
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Figure 4. IEEE 30-bus system. 
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For the New England 39-bus system, the tier method has ~ capture rate for the top 
ten, twenty and thirty contingencies equal to the capture rate of the de linear 
method. The capture rate for the small change sensitivity method is less than 
the capture rate of the tier method for the top ten and twenty contingencies. 
The length of the top ten, twenty, and thirty ranked contingencies is about the 
same for the tier method and the de linear method; while the length of the small 
change sensitivity method is longer. Therefore, for this system, performance of 
the tier method is comparable to the de linear method and better than the small 
change sensitivity method. 
The results from the IEEE 30-bus system are given in Table 2. The tier 
method again performs equally well with the linear method and better than the 
small chang~ sensitivity method based on the capture rates. 
TABLE 2 
RANKING PERFORMANCE OF AUTOMATIC CONTINGENCY SELECTION ALGORITHMS FROM THE 
IEEE 30-BUS SYSTEM 
Method N R(N) L(N) 
Tier 10 0.9 17 
20 0.85 24 
30 0.87 37 
Small Charge 10 0.8 13 
Sensitivity 
20 0.8 27 
30 0.9 33 
DC Linear 10 0.9 24 
20 0.85 30 
30 0.90 37 
4. CONCLUSIONS AND RECOMMENDATIONS 
The automatic contingency selection algorithm using tier system analysis 
ranks the contingencies of a power system in decreasing order of severity. 
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The top portion of this list can be studied in detail to analyze the critical 
contingencies. The accuracy of the ranking produced by the tier system 
algorithm is comparable to the ranking produced by a linear load flow analysis 
of the entire system; but, the computational requirements of the tier system 
method are much less than that of the de linear method. Consider a 300-bus 
system, the de linear method requires the solution of Equation 2.4.2 for all 300 
buses; whereas, the tier system may only contain 20-30 buses. The tier system 
solution of Equation 2.4.2 can be computed in a small fraction of the time that 
it takes to calculate the solution of the entire system. 
The ranked contingency list using tier system analysis can be constructed 
in a small amount of time relative to the time required for full load flow anal-
ysis of every contingency. Therefore, this method can save a lot of time in 
contingency analysis since only the top portion in the contingency list needs to 
be studied in detail. The ranking is not exact, however, so several contingen-
cies beyond the first noncritical contingency should be studied to ensure an 
analysis of all critical contingencies. 
Even with the extra noncritical contingencies that must be studied to cap-
ture every critical contingency, the number of contingencies that need to b~ 
analyzed is much less than the total number of contingencies. The time saved by 
not having to analyze all the noncritical contingencies can be extremely benefi-
cial to power system contingency analysis. Some special cases and modifications 
to the tier system method are discussed below. 
There may exist certain power systems which have characteristics which 
the tier system algorithm would not accurately analyze. One such problem is 
called a contingency along a "backbone." A "backbone" is a string of buse·s 
connected by stronger transmission -lines which have lower impedance and carry 
more power than the other transmission lines of the system. Under this 
situation, the effect of an outage would be carried further out into the 
system, possibly out of the three tier system generally analyzed. To compen-
sate for this problem, the tier system should be enlarged with more tiers to 
include the backbone. 
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Another problem with the automatic contingency selection algorithm is the 
masking of overloads. This problem is inherent in the performance index func-
tion itself; a contingency which causes many lines to be heavily loaded lines 
but no overloads may be ranked equally high in the list with a contingency 
which just has one overloaded line. The contingency with several heavily 
loaded lines should be analyzed in detail, but the contingency causing an 
overload should be ranked higher in the list to avoid the possibility of not 
studying it at all. One possible solution of the masking problem is to 
increase the exponent in the performance index function; this places a higher 
value on overloaded lines than on heavily loaded lines. Another possibility is 
to flag a contingency which causes an overload in the linear analysis, then 
each contingency which causes an overload can be located in the ranking. 
The weighting factor in the performance index function can be used to 
stress the importance of each transmission line. This can be especially use-
ful in analyzing a familiar system in which it is known that certain 
lines are easier to correct an overloaded condition than other lines. The lines 
that are more difficult to resolve an overloaded condition would be given a 
larger value for their weighting factor. 
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A possible modification to the tier system method is to ignore the change 
of the performance index function due to the external system. Since the effects 
of a contingency are assumed to be small outside the tier system, this is a 
reasonable modification that would reduce the computation of the tier method and 
make the ranking algorithm faster. The ranking produced by the tier system 
analysis alone was tested on the New England 39-bus system and the IEEE 30-bus 
system. This method produced the same ranking as that of the tier system plus 
external system analysis with only minor interchanges of consecutive contingen-
cies in the list. 
For further study, a similar automatic contingency selection algorithm 
using tier system analysis can be developed using the voltage constraint per-
formance index function, Equation (2.2.1). A linear analysis to calculate the 
change in bus voltages can be used in the tier system to check the severity of 
each contingency. A linear technique for calculating the effect of a con-
tingency on system load bus voltages is described in a paper by K. T. Khu, 
M. G. Lauby, and D. W. Bowen [8]. 
In conclusion, automatic contingency selection methods can be a useful 
tool for power system contingency analysis to save both time and money • . 
Further study of automatic contingency selection techniques should be 
continued in the future. 
APPENDIX. 
COMPUTER PROGRAM FOR AUTOMATIC CONTINGENCY SELECTION ALGORITHM 
USING TIER SYSTEM ANALYSIS 
24 
c 
PROGRAM TIER(DATA,BASE,OUT,INPUT,OUTPUT,TAPE1=DATA 
+,TAPE2:0UT,TAPE3=INPUT,TAPE4:0UTPUT,TAPE5=BASE) 
c•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c••• ••• 
C*** AUTOMATIC CONTINGENCY SELECTION ALGORITHM *** 
c••• 
c••• 
c••• 
c••• 
c••• 
c••• 
c••• 
c••• 
c••• 
WRITTEN BY KARL SLUIS 
FOR EE 499 
THESIS REQUIREMENT FOR 
MASTERS DEGREE IN ELECTRICAL ENGINEERING 
UNIVERSITY OF ILLINOIS 
URBANA,ILLINOIS 
DECEMBER 1982 
••• 
••• 
••• 
••• 
••• 
••• 
••• 
••• 
••• 
c•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c 
c 
C-----THIS PROGRAM ANALYZES EVERY LINE OUTAGE 
C-----CONTINGENCY OF A POWER SYSTEM BY PERFORMING 
C-----A DC LOAD FLOW ANALYSIS OF A TIER SYSTEM 
C-----FORMED AROUND EACH CONTINGENCY. 
C-----THE RELATIVE SEVERITY OF EACH CONTINGENCY IS 
C-----CALCULATED AND THE CONTINGENCIES ARE THEN 
C--~--RANKED IN ORDER OF DECREASING SEVERITY. 
C-----THE INPUT TO THE PROGRAM REQUIRES A FILE 
C--~--OF THE SYSTEM DATA AND A FILE OF THE SYSTEM 
C-----BASE CASE SOLUTION. 
C-----THE OUTPUT IS THE LIST OF RANKED CONTINGENCIES 
c 
c 
INTEGER CNTGY(2),TERBUS(15,57),IT(20) 
REAL JTIER,JTBAS 
DIMENSION TITLE(8) 
C-----THE FOLLOWING VARIABLES MUST BE DIMENSIONED 
C-----ACCORDING TO THE NUMBER OF BUSES (I.E. 39) IN THE SYSTEM 
C-----AND THE NUMBER OF LINES (I.E. 46) IN THE SYSTEM 
c 
c 
COMPLEX Y(39,39),Z(46),SG(39),SL(39),S(39),V(39),SFLOW 
REAL VHAG(39),DEL(39),ANG(39),PFLOW(46),B(39,39) 
+,QHAX(39),QHIN(39),P(39),Q(39),QFLOW(46),BINV(39,39) 
+,BTIER(39,39),ATIER(39),PTIER(39),SHCAP(39),CHG(46) 
+,LINANG(46),PHAT(39),DELHAT(39),KK(46),PMX(46),PT(39) 
+,AOHAT(46),PHATIN(39),EXTHAT(46),ANGLIN(46) 
+,PFLWX(46),DJTOTL(46),DJTIER(46) 
INTEGER MBT(39),BPV,BCON(39,39),LBTS(39),MM(39,46),LB2(46) 
+,IK(39),!BLIN(39,15),IFROM(46),LPI(46),LBACT(39),LB(46) 
+,TIELIN(46),JK(39),JBLIN(39,15),IBTYPE(39),IT0(46),TERLIN(46) 
C-----READ SYSTEM INFORMATION 
25 
c 
c 
REWIND 1 
REWIND 5 
REWIND 2 
C READ TITLE CARD 
c 
READ(1,202)TITLE 
202 FORMAT(8A10) 
c 
C ••• READ ACCURACY CARD ••• 
c 
c 
. READ( 1, 15)EPS 
15 FORMAT(F16.0) 
READ(1,10) N,NPV,NL 
10 FORMAT(3I10) 
READ(1,11)NSHCAP 
11 FORMAT(I10) 
c 
C-----INITIALIZE MATRICES 
c 
CNTGY(1):CNTGY(2):0 
DO 20 I:1,N 
VMAG(I):O.O 
DEL(I):ANG(I):O 
SG(I):SL(I):S(I):V(I):O.O 
IBTYPE(I):IK(I):JK(I):O 
P(I):Q(I):QMAX(I)~IN(I):O.O 
ATIER(I):PTIER(I):O.O 
MBT(I):O 
LBTS(I):LBACT(I)=O 
SHCAP(I):PT(I):O.O 
PHAT(I)=DELHAT(I):O.O 
PHATIN(I):AOHAT(I):O.O 
DO 23 J:1,15 
23 TERBUS(J,I):O 
DO 20 J:1,N 
BCON(I,J):O 
Y(I,J):O.O 
B(I,J):BTIER(I,J):O.O 
BINV(I,J):O.O 
20 CONTINUE 
DO 24 I:1,20 
IT(I):O 
24 CONTINUE 
DO 27 I:1,N 
DO 27 J:1,15 
IBLIN(I,J):O 
27 JBLIN(I,J):O 
DO 26 .I:1,NL 
LB(I):LB2(I)=I 
26 
DJTOTL(I):DJTIER(I):O.O 
TERLIN(I):TIELIN(I):O 
CHG(I):PMX(I):O.O 
PFLOW(I):QFLOW(I):O~O 
IFROM(I):ITO(I):O 
LINANG(I):KK(I):O 
LPI(I):O.O 
ANGLIN(I):EXTHAT(I).:O.O 
DO 26 J:1,N 
MM(J,I):O 
26 CONTINUE 
C-----READ BUS DATA 
00 150 I:1,N 
READ( 1, 140)NBUS, VBASE, VMIN, VMAX,.SG(I) ,SL(I) 
140 FORMAT(I10,7F10.4) 
S(I):SG(I)-SL(I) 
P(I):REAL(S(I)) 
Q(I):AIMAG(S(I)) 
VMAG(NBUS):1.0 
MBT(NBUS) =3 
150 CONTINUE 
c 
c 
c 
C-----READ SWING BUS DATA 
c 
READ(1,175)NBUS,VMAG(NBUS),DEL(NBUS),PMIN,PMAX,QMI,QMX 
175 FORMAT(I10,6F10.4) 
MBT(NBUS):1 
c 
C-----READ PV BUS DATA 
c 
DO 181 I:1,NPV 
READ(1,180)BPV,VMAG(BPV),QMIN(BPV),QMAX(BPV) 
180 FORMAT(I10,3F10.4) 
MBT(BPV):2 
1 81 CONTINUE 
c 
C-----READ LINE DATA 
C-----FORM YBUS MATRIX 
C-----FORM .B MATRIX 
DO 29 I:1,40 
29 IK(I):JK(I):O 
DO 34 I=1 ,NL 
25 READ(1,30) NLINE,IB,JB,Z(NLINE),CHG(NLINE),RAT 
30 FORMAT(3I10,4F10.4) 
IF(IB.EQ.JB)GO TO 33 
CHG(NLINE):CHG(NLINE)/2. 
Y(IB,JB):Y(IB,JB)-(1.0/Z(NLINE)) 
27 
Y(JB,IB):Y(IB,JB) 
B(IB,JB):B(JB,IB):AIMAG(Y(IB,JB)) 
BINV(IB,JB):BINV(JB,IB):B(IB,JB) 
Y(IB,IB):Y(IB,IB)+(1.0/Z(NLINE))+CMPLX(O.,CHG(NLINE)) 
BINV(IB,IB):B(IB,IB):AIMAG(Y(IB,IB)) 
33 Y(JB,JB):Y(JB,JB)+(1.0/Z(NLINE))+CMPLX(O.,CHG(NLINE)) 
BINV(JB,JB):B(JB,JB):AIMAG(Y(JB,JB)) 
BCON(IB,JB):BCON(JB,IB):1 
IK'(IB):IK(IB)+1 
IBLIN(IB,IK(IB)):NLINE 
JK(JB):JK(JB)+1 
JBLIN(JB,JK(JB)):NLINE 
IFROM(NLINE):IB 
ITO(NLINE):JB 
34 CONTINUE 
c 
C-----READ SHUNT CAPACITORS 
c 
c 
IF(NSHCAP.LT.1)GOTO 193 
DO 191 I:1,NSHCAP 
READ(1,190)NBUS,SHCAP(NBUS) 
190 FORMAT(I4,1X,F10.4) 
Y(NBUS,NBUS):Y(NBUS,NBUS)+CMPLX(O.,SHCAP(NBUS)) 
BINV(NBUS,NBUS):B(NBUS,NBUS):AIMAG(Y(NBUS,NBUS)) 
191 CONTINUE 
193 CONTINUE 
C-----CALCULATE B-INVERSE MATRIX--BINV 
c 
CALL SHIPLEY(N,BINV) 
c 
C-----READ BASECASE DATA 
C-----FORM LINE-BUS INCIDENCE MATRIX--MM 
C-----CALCULATE ANGLE ACROSS LINES--LINANG 
C-----CALCULATE LINE RATING AND KK VALUE 
c 
PI:4.*ATAN(1.0) 
RTD:180./PI 
DO 115 !:1 ,N 
READ(5,110)NB,IBTYPE(NB),VMAG(NB),ANG(NB),P(NB},Q(NB) 
110 FORMAT(2X,I6,I5,3X,F16.12,1X,F16.12,10X,F16.12,2X,F16.12) 
115 CONTINUE 
DO 120 I:1,NL 
READ(5,112)NLIN,IB,JB,PFLOW(NLIN},QFLOW(NLIN) 
112 FORMAT(1X,I8,6X,I6,2X,I6,6X,F10.7,3X,F10.7) 
c 
C-----MAXIMUM VALUE FOR LINE FLOWS--PMX(I) 
c 
PMX(NLIN):1.3200 
ZZ:AIMAG(1./Z(NLIN)) 
IF(ZZ.LT.30.)PMX(NLIN):0.60 
HM(IB,NLIN):1 
28 
I 
i 
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I 
! 
I 
I 
!I 
c 
MM(JB,NLIN):-1 
LINANG(NLIN):ANG(IB)/RTD-ANG(JB)/RTD 
KK(NLIN):ABS(PMX(NLIN)/B(IB,JB)) 
120 CONTINUE 
c 
C-----CALCULATE. ADJOINT POWER--PHAT 
c 
c 
DO 220 I:1 ,NL 
SIGN:1 
IF(LINAHG(I).LT.O.O)SIGN=-1 
IF(KK(I).EQ.O.O)GOTO 220 
DO 219 J:1,N 
219 PHAT(J):PHAT(J)+(LINANG(I)/(KK(I)**2.))*MM(J,I) 
220 CONTINUE 
C-----CALCULATE ADJOINT DELTA--DELHAT 
c 
CALL LUF(N,B,PHAT,DELHAT) 
c 
C-----INPUT NUMBER OF TIERS TO BE FORMED 
c 
c 
WRITE(4,158) 
158 FORMAT("INPUT NUMBER OF TIERS TO BE FORMED") 
READ(3,*)NTIER 
NTIERO:NTIER 
C-----THIS STARTS THE ANALYSIS OF EVERY CONTINGENCY 
C-----CALCULATE CHANGE IN PERFORMANCE INDEX FOR LINE OUTAGES 
c 
c 
DO 999 IZ:1,NL 
LINOUT:IZ 
NTIER:NTIERO 
CNTGY(1):IFROM(LINOUT) 
CNTGY(2):ITO(LINOUT) 
IB:IFROM(LINOUT) 
JB=ITO(LINOUT) 
AOHAT(LINOUT):O.O 
DO 240 J:1,N 
240 AOHAT(LINOUT):AOHAT(LINOUT)+MM(J,LINOUT)*DELHAT(J) 
CHNGW:-AOHAT(LINOUT)*LINANG(LINOUT)*B(IB,JB) 
C-----FORM TIERS 
c 
DO 157 I:1,N 
LBTS(I):O 
ATIER(I):PTIER(I):O.O 
PT(I):P(I) 
DO 156 J:1,15 
156 TERBUS(J,I):O 
DO 157 J:1,N 
BTIER(I,J):O.O 
29 
c 
157 IF(BCON(I,J).LT.O)BCON(I,J):1 
DO 154 I:1,NL 
154 TERLIN(I):TIELIN(I):O 
DO 161 I:1 ,N 
IF(BCON(CNTGY(1),I).EQ.1)BCON(CNTGY(1),I):-1 
IF(BCON(CNTGY(2),I).EQ.1)BCON(CNTGY(2),I):-1 
161 CONTINUE 
IT( 1 ):0 
DO 165 J:1,N 
IF(BCON(J,CNTGY(1)).NE.1)GOTO 162 
IT( 1 ):IT( 1 )+1 
TERBUS(1,IT(1)):J 
GOTO 163 
162 IF(BCON(J,CNTGY(2)).NE.1)GOTO 165 
IT ( 1 ) :IT ( 1 ) + 1 
TERBUS(1,IT(1)):J 
163 DO 164 J2:1,N 
IF(BCON(TERBUS(1,IT(1)),J2).EQ.1)BCON(TERBUS(1,IT(1)),J2):-1 
164 CONTINUE 
165 CONTINUE 
IF(NTIER.EQ.1)GOTO 170 
DO 166 I:2,NTIER 
IT(I):O 
K:I-1 
IF(IT(K).EQ.O)GOTO 168 
K1:IT(K) 
DO 166 J1:1,K1 
DO 166 J2:1,N 
IF(BCON(J2,TERBUS(K,J1)).NE.1)GOTO 166 
IT(I):IT(I)+1 
TERBUS(I,IT(I)):J2 
DO 167 J3:1,N 
IF(BCON(TERBUS(I,IT(I)),J3).EQ.1)BCON(TERBUS(I,IT(I)),J3):-1 
167 CONTINUE 
166 CONTINUE 
GOTO 170 
168 NTIER=K-1 
C-----DETERMINE TIER SYSTEM DATA 
c 
170 NBTS:2 
DO 183 I:1,NTIER 
183 NBTS:NBTS+IT(I) 
c 
C-----FIND NO. OF LINES 
C-----IK:NO. OF LINES WITH SAME "FROM" BUS 
C-----JK=NO. OF LINES WITH SAME "TO" BUS 
C-----TERLIN:LINE NO. IN TIER SYSTEM WITH KT LINES 
C-----TIELIN:LINE NO. OF TIE LINE WITH KTT TIE LINES 
c 
KT:KTT:NTIE:O 
DO 184 J:1,NTIER 
30 
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M1:IT(J) 
DO 1 84 J 1 = 1 , M 1 
M2:IK(TERBUS(J,J1)) 
DO 184 J2:1 ,M2 
M:O 
IF(IBLIN(TERBUS(J,J1),J2).EQ.O)GOTO 184 
DO 186 I:1,KT 
IF(IBLIN(TERBUS(J,J1),J2}.EQ.TERLIN(I))M:1 
186 CONTINUE 
IF(M.EQ.1)GOTO 184 
M4:0 
IF(CNTGY(1).EQ.ITO(IBLIN(TERBUS(J,J1),J2)))M4:1 
IF(CNTGY(2).EQ.ITO(IBLIN(TERBUS(J,J1),J2)))M4:1 
DO 108 I1:1,NTIER 
M5:IT(I1) 
DO 108 I2:1,M5 
IF(TERBUS(I1,I2).EQ.ITO(IBLIN(TERBUS(J,J1),J2)))M4:1 
1 08 CONTINUE 
IF(M4.NE.1)GOTO 185 
KT:KT+1 
TERLIN(KT):IBLIN(TERBUS(J,J1),J2) 
GOTO 184 
185 KTT:NTIE=KTT+1 
TIELIN(KTT):IBLIN(TERBUS(J,J1),J2) 
184 CONTINUE 
DO 284 J:1,NTIER 
M1:IT(J) 
DO 284 J1 :1 ,M1 
M2:JK(TERBUS(J,J1)) 
DO 284 J2= 1 ,M2 
M:O 
IF(JBLIN(TERBUS(J,J1),J2).EQ.O)GOTO 284 
DO 286 I:1 ,KT 
286 IF(JBLIN(TERBUS(J,J1),J2).EQ.TERLIN(I))M:1 
IF(M.EQ.1)GOTO 284 
M4:0 
IF(CNTGY(1).EQ.IFROM(JBLIN(TERBUS(J,J1),J2)))M4:1 
IF(CNTGY(2).EQ.IFROM(JBLIN(TERBUS(J,J1),J2)))M4:1 
DO 208 I1:1,NTIER 
M5=IT(I1) 
DO 208 I2= 1 ,M5 
208 IF(TERBUS(I1,I2).EQ.IFROM(JBLIN(TERBUS(J,J1),J2)))M4:1 
IF(M4.NE.1)GOTO 285 
KT:KT+1 
TERLIN(KT):JBLIN(TERBUS(J,J1),J2) 
GOTO 284 
285 KTT=NTIE:KTT+1 
TIELIN(KTT):JBLIN(TERBUS(J,J1),J2) 
284 CONTINUE 
c 
C-----LABEL TIER SYSTEM BUSES 
C-----LBTS:TIER SYSTEM BUS NUMBER 
31 
C-----LBACT:ACTUAL BUS NUMBER WITHIN TIER SYSTEM 
c 
c 
NLTS:KT 
LBTS(CNTGY(1)):1 
LBTS(CNTGY(2)):2 
LBACT(1):CNTGY(1) 
LBACT(2):CNTGY(2) 
K:2 
DO 410 I:1,NTIER 
H6:IT(I) 
DO 410 J:1 ,H6 
L=TERBUS(I,J) 
K=K+1 
LBTS(L)=K 
LBACT(K):L 
410 CONTINUE 
C-----HODIFY POWER AT TIELINE BUSES 
c 
IF(NTIE.EQ.O)GOTO 471 
411 DO 460 I:1,NTIE 
M:IT(NTIER) 
DO 425 J:1 ,M 
IF(TERBUS(NTIER,J).EQ.IFROH(TIELIN(I)))GOTO 440 
IF(TERBUS(NTIER,J).EQ.ITO(TIELIN(I)))GOTO 430 
425 CONTINUE 
430 H2:ITO(TIELIN(I)) 
X1:1.0 
GOTO 450 
440 M2:IFROH(TIELIN(I)) 
X1:-1.0 
450 PT(H2):PT(M2)+X1*PFLOW(TIELIN(I)) 
IF(IBTYPE(H2}.EQ.1)GOTO 460 
455 IF(IBTYPE(M2).EQ.2)GOTO 460 
Q(M2):Q(M2)+X1*QFLOW(TIELIN(I)) 
460 CONTINUE 
c 
C-----FORM TIER SYSTEM POWERS--PTIER 
c 
471 DO 475 I:1,NBTS 
L:LBACT(I) 
PTIER(LBTS(L)):PT(L) 
475 CONTINUE 
c 
C-----FORM B MATRIX OF TIER SYSTEH--BTIER 
c 
DO 550 I:1,NLTS 
L:TERLIN(I) 
J=IFROM(L) 
K:ITO(L) 
M=LBTS(J) 
N1:LBTS(K) 
32 
BTIER(M,N1):BTIER(N1~M):BTIER(M,N1)-B(J,K) 
BTIER(M,M):BTIER(M,M)+B(J,K) 
BTIER(N1,N1):BTIER(N1,N1)+B(J,K) 
550 CONTINUE 
c 
C-----ADD LARGE SHUNT TIE TO CONTINGENCY BUSES 
c 
c 
M:LBTS(CNTGY(1)) 
N1:LBTS(CNTGY(2)) 
BTIER(M,M):BTIER(M,H)+0.002 
BTIER(N1,N1):BTIER(N1,N1)+0.002 
C-----CALCULATE NEW TIER SYSTEM BUS ANGLES FROM 
C-----LINEAR EQUATION: PTIER:BTIER*ATIER 
c 
c 
c 
CALL LUF(NBTS,BTIER,PTIER,ATIER) 
C-----CALCULATE TIER SYSTEM LINE FLOWS 
c 
c 
JTIER:O.O 
JTBAS:O.O 
DO 578 I:1,NLTS 
L:TERLIN(I) 
LF:IFROM(L) 
LT:ITO(L) 
L1:LBTS(LF) 
L2:LBTS(LT) 
ANGLIN(L):(ATIER(L1)-ATIER(L2)) 
PFLW:ANGLIN(L)*(-BTIER(L1,L2)) 
C-----CALCULATE PERFORMANCE INDEX OF TIER SYSTEM 
c 
IF(PFLW.EQ.O.O)GOTO 578 
JTIER:JTIER+.5*(PFLW/PHX(L))**2. 
JTBAS:JTBAS+.5*(PFLOW(L)/PMX(L))**2. 
578 CONTINUE 
JTBAS:JTBAS+.5*(PFLOW(LINOUT)/PHX(LINOUT))**2. 
DJTIER(IZ):JTIER-JTBAS 
c 
C-----CALCULATE EXTERNAL SYSTEM CHANGE IN 
C-----PERFORMANCE INDEX FUNCTION 
C-----FORH VECTOR PHATIN FROM PHAT 
c 
DO 565 I=1,N 
565 PHATIH(I):O.O 
DO 566 I:1,NBTS 
L:LBACT(I) 
PHATIN(L):PHAT(L) 
566 CONTINUE 
c 
C-----HODIFY PHATIN BY SUBTRACTING VALUES OF 
, ' 
33 
C-----TIE LINES CONNECTED TO BOUNDARY BUSES 
c 
IF(NTIE.EQ.O)GOTO 592 
DO 590 I:1,NTIE 
L:TIELIN(I) 
M:IT(NTIER) 
DO 581 J:1 ,M 
IF(TERBUS(NTIER,J).EQ.IFROM(L))M2:TERBUS(NTIER,J) 
IF(TERBUS(NTIER,J).EQ.ITO(L))M2:TERBUS(NTIER,J) 
581 CONTINUE 
PHATIN(M2):PHATIN(M2)-(LINANG(L)/(KK(L)**2.))*MM(M2,L) 
590 CONTINUE 
c 
C-----CALCULATE AOHAT FOR EXTERNAL SYSTEM--EXTHAT 
c 
c 
592 L:LINOUT 
IB:IFROM(L) 
JB=ITO(L) 
DO 610 J:1,N 
IF(MM(J,L).EQ.1)M1:J 
IF(MM(J,L).EQ.-1)M2:J 
610 CONTINUE 
SUM:O.O 
DO 615 K:1 ,N 
615 SUM:SUM+(BINV(M1,K)-BINV(M2,K))*PHATIN(K) 
EXTHAT(L):AOHAT(L)-SUM 
DJEXT:-EXTHAT(L)*LINANG(L)*B(IB,JB) 
C-----CALCULATE TOTAL LINEAR PERFORMANCE INDEX 
c 
_ DJTOTL(IZ):DJTIER(IZ)+DJEXT 
999 CONTINUE 
c 
C-----RANK CONTINGENCIES IN ORDER FROM MOST TO LEAST SEVERE 
C-----BASED ON TOTAL SYSTEM PERFORMANCE INDEX 
c 
K:NL-1 
DO 1300 I:1,K 
K1:NL-I 
J1:1 
DO 1000 J:1,K1 
IF(DJTOTL(LB(J1)).LT.DJTOTL(LB(J+1)))GOTO 1000 
J1=J+1 
1000 CONTINUE 
K2:LB(K1+1) 
LB(K1+1) :L.B(J1) 
1300 LB(J 1) =K2 
c 
C-----RANK CONTINGENCIES IN ORDER FROM MOST TO LEAST SEVERE 
C-----BASED ON TIER SYSTEM PERFORMANCE INDEX 
c 
K:NL-1 
34 
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DO 1350 I:1 ,K 
K1:NL-I 
J1:1 
DO 1050 J: 1 ,K1 
IF(DJTIER(LB2(J1)).LT.DJTIER(LB2(J+1)))GOTO 1050 
J1=J+1 
1050 CONTINUE 
K2:LB2(K1+1) 
LB2(K1+1):LB2(J1) 
1350 . LB2(J1):K2 
c 
C-----PRINT CONTINGENCY RANKING 
c 
WRITE(2,1401)TITLE 
1401 FORHAT(8A10//) 
WRITE(2,1402)NTIER 
1402 FORMAT("THE NUMBER OF TIERS FORMED IS ",I2//) 
WRITE(2,1408) 
1408 FORHAT("RANK LINE NO. JTOTAL LINE NO. JTIER") 
DO 1400 I:1,~ 
1400 WRITE(2,1410)I,LB(I),DJTOTL(LB(I)),LB2(I),DJTIER(LB2(I)) 
1410 FORMAT(I3,I8,F12.6,7X,I3,F13.6) 
1600 STOP 
END 
SUBROUTINE LUF(N,A1,B1,X1) 
c 
C-----THIS SUBROUTINE SOLVES FOR X1 IN THE EQUATION 
C-----A1*X1:B1 USING LU FACTORIZATION METHOD 
c 
REAL A1(57,57),B1(57),Y1(57),Q1(57,57),X1(57) 
c 
C-----LU FACTORIZATION 
DO 199 I:1,N 
DO 199 J:1,N 
Q1(I,J):A1(I,J) 
199 CONTINUE 
DO 200 I:2,N 
Q1(1,I):Q1(1,I)/Q1(1,1) 
200 CONTINUE 
DO 250 J:2,N 
DO 225 K:J,N 
L:J-1 
DO 225 I:1,L 
Q1(K,J):Q1(K,J)-Q1(K,I)*Q1(I,J) 
225 CONTINUE 
IF(J.EQ.N)GOTO 300 
H=J+1 
DO 240 K:H,N 
DO 235 I:1,L 
Q1(J,K):Q1(J,K)-Q1(J,I)*Q1(I,K) 
235 CONTINUE 
35 
Q1(J,K):Q1(J,K)/Q1(J,J) 
240 CONTINUE 
250 CONTINUE 
C-----LY:B 
300 DO 350 I=1,N 
Y1(I):B1(I) 
IF((I-1).EQ.O)GOTO 325 
L=I-1 
DO 310 J:1,L 
K=L+1-J 
Y1(I):Y1(I)-Q1(I,K)*Y1(K) 
310 CONTINUE 
325 Y1(I):Y1(I)/Q1(I,I) 
350 CONTINUE 
C----- Y:UX 
c 
DO 400 I:1,N 
K:N+1-I 
X1(K):Y1(K) 
IF(K.EQ.N)GOT0400 
L=K+1 
DO 375 J:L,N 
X1(K):X1(K)-Q1(K,J)*X1(J) 
375 CONTINUE 
400 CONTINUE 
RETURN 
END 
SUBROUTINE SHIPLEY(N,A2) 
C-----THIS SUBROUTINE CALCULATES THE INVERSE OF THE 
C-----MATRIX A2(N,N) USING THE SHIPLEY/COLEMAN TECHNIQUE 
c 
REAL A2(57,57) 
DO 200 .IP=1 ,N 
DO 110 I:1,N 
IF(I.EQ.IP)GOTO 110 
DO 100 J:1,N 
IF(J.EQ.IP)GOTO 100 
IF(A2(IP,IP).EQ.O)GOTO 251 
A2(I,J):A2{I,J)-A2(I,IP)*A2(IP,J)/A2(IP,IP) 
100 CONTINUE 
110 CONTINUE 
A2(IP,IP):-1.0/A2(IP,IP) 
DO 200 I=1,N 
IF(I.EQ.IP)GOTO 200 
A2(IP,I):A2(IP,I)*A2(IP,IP) 
A2(I,IP):A2(I,IP)*A2(IP,IP) 
200 CONTINUE 
c 
36 
I 
I 
' : 
I 
I 
I 
; 
: 
l 
I 
. 
C-----CHANGE SIGN OF ALL MATRIX ELEMENTS 
c 
DO 250 I:1 ,N 
DO 250 J:1,N 
250 A2(I,J):-A2(I,J) 
GOTO 252 
251 WRITE(2,253)IP 
253 FORMAT("ZERO IN DIAGONAL ELEMENT" ,!2) 
252 RETURN 
END 
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